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BACKGROUND: Computerized physician order entry and
clinical decision support systems are electronic prescrib-
ing strategies that are increasingly used to improve pa-
tient safety. Previous reviews show limited effect on pa-
tient outcomes. Our objective was to assess the impact of
electronic prescribing strategies on medication errors and
patient harm in hospitalized patients.

METHODS: MEDLINE, EMBASE, CENTRAL, and
CINAHL were searched from January 2007 to January
2018. We included prospective studies that compared
hospital-based electronic prescribing strategies with con-
trol, and reported on medication error or patient harm.
Data were abstracted by two reviewers and pooled using
random effects model. Study quality was assessed using
the Effective Practice and Organisation of Care and evi-
dence quality was assessed using Grading of Recommen-
dations Assessment, Development, and Evaluation.
RESULTS: Thirty-eight studies were included; comprised
of 11 randomized control trials and 27 non-randomized
interventional studies. Electronic prescribing strategies
reduced medication errors (RR 0.24 (95% CI 0.13, 0.46),
P 98%, n=11) and dosing errors (RR 0.17 (95% CI 0.08,
0.38), I 96%, n=9), with both risk ratios significantly
affected by advancing year of publication. There was a
significant effect of electronic prescribing strategies on
adverse drug events (ADEs) (RR 0.52 (95% CI 0.40,
0.68), 2 0%, n=2), but not on preventable ADEs (RR
0.55 (95% CI 0.30, 1.01), P 78%, n=3), hypoglycemia
(RR 1.03 (95% CI 0.62-1.70), I> 28%, n=7), length of stay
(MD —0.18 (95% —1.42, 1.05), I 94%, n=7), or mortality
(RR 0.97 (95% CI 0.79, 1.19), 2 74%, n=9). The quality of
evidence was rated very low.

Prior Presentations The abstract of this manuscript was presented at
the Canadian Critical Care Forum in Toronto, in October 2018.
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DISCUSSION: Electronic prescribing strategies decrease
medication errors and adverse drug events, but had no
effect on other patient outcomes. Conservative interpre-
tations of these findings are supported by significant het-
erogeneity and the preponderance of low-quality studies.

KEY WORDS: electronic prescribing; CPOE; CDSS; medication error;
preventable adverse drug events.
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INTRODUCTION

Information technology has a central role in twenty-first cen-
tury healthcare.' Electronic medical records support the im-
plementation of computerized physician order entry and clin-
ical decision support systems that are increasingly used with
the intent of making prescribing safer.”* Computerized phy-
sician order entry enables order entry, and clinical decision
support systems matches patient-specific data with a comput-
erized knowledge base to generate patient-specific
recommendations.”

Over the past decade, information technology and design of
computerized order entry and clinical decision support sys-
tems have evolved considerably.” Although computerized
clinical decision support systems may function independently
to assist in drug-related recommendations, newer systems are
integrated with computerized physician order entry to aid in
weight- and age-based dosing calculation, renal dosing adjust-
ment, screening for drug-drug interactions, administration
scheduling, and therapeutic monitoring.>®’

Previous systematic reviews on electronic prescribing
found patient outcomes were infrequently reported®’'" and
the few studies suggesting benefit of computerized order entry
and clinical decision support systems on prescribing error and
adverse drug events were of very low-quality,'* !¢ with very
few randomized trials.'*"!”


http://dx.doi.org/10.1007/s11606-019-05236-8
http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-019-05236-8&domain=pdf
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Given the increased potential of newer electronic prescrib-
ing systems, and their widespread adoption, re-evaluating their
effect on patient-relevant outcomes is necessary. We therefore
sought to evaluate the impact of newer electronic prescribing
strategies, given their lack of evidence on patient safety. The
objective of this study was to assess the effect of electronic
prescribing strategies on medication errors and patient
outcomes.

METHODS
Study Design

We conducted a systematic review evaluating the impact of
electronic prescribing strategies on medication errors and pa-
tient outcomes in hospitals. The review was conducted ac-
cording to the PRISMA guidelines'® (Supplement Table 1)
and was prospectively registered (PROSPERO No.
CRD42017055663)."

Study Eligibility

We searched for eligible full-text studies published in English
from January 1, 2007, to January 1, 2018, that were random-
ized studies, or prospective non-randomized interventional
study designs. Included studies reported on patients in hospi-
tals, in emergency departments, and in long-term care facili-
ties. Eligible interventions were an electronic prescribing strat-
egy, and these were compared with a control without electron-
ic prescribing support. An electronic prescribing strategy was
defined as a computerized clinical decision support system, or
a computerized physician order entry with or without an
embedded clinical decision support system. Reported out-
comes had to include at least one of medication error or patient
harm outcome.

We excluded studies that were retrospective or
ambispective; compared two electronic prescribing strate-
gies; involved multicomponent interventions (training on
error reduction, teaching, prescribing reminders, reorgani-
zation); included outpatients/ambulatory clinics; and eval-
uated interventions where applications did not use patient-
specific data and where outcomes were limited to admin-
istrative process.

Study Outcomes

The outcomes were medication error and patient harm. We
defined medication error as any error in the process of order-
ing, transcribing, dispensing, administering, and monitoring of
medications.'® Dosing error was evaluated as a type of med-
ication error.

The patient outcomes included harm and potential harm
to the patient. These were the following: (1) adverse drug
events (ADEs) and preventable ADEs, (2) a change in
patient symptomatology, (3) receipt of inappropriate ther-
apy and time to therapy, (4) clinical effect of therapy, (5)

duration of therapy, (6) length of stay, and (7) death.'’
Harmful or unintended effects of the intervention were
reported in each study.

Study Search and Selection

The search was conducted in MEDLINE (Ovid), EMBASE
(Ovid), Cochrane CENTRAL (Ovid), and CINAHL (EBSCO)
(TA-W) in February 2018. Search terms included database
subject headings and text words for the following: Clinical
Decision Support System, Computerized Physician Order En-
try, hospital information system, electronic prescribing, com-
puter assisted drug therapy, cohort, and clinical trial. Further
adverse event-related keyword search included the following:
safety, drug error, prescription errors, dosing error, medication
error, and sentinel event (Supplement Methods 1). Additional
articles were obtained by screening bibliographic references of
included articles, PubMed-related articles, and related system-
atic reviews. Conference abstracts were not included in the
study selection. All citations were imported into EndNote.?’
Two reviewers (NR, JS) independently evaluated the eligibil-
ity of the studies identified in the search. Disagreements were
resolved by consensus between reviewers, or by a third re-
viewer (CP). Where data from a trial were distributed in more
than one publication, the principal publication was selected
unless it was prior to inclusion date, in which case the later
article was chosen.

Data Abstraction and Quality

All study data was abstracted independently by two re-
viewers (NR, JS). For each included study, we abstracted
study characteristics, country of origin, study design, set-
ting, patient population, characteristics of the electronic
prescribing strategy, study period, and outcomes. Interven-
tions were categorized as stand-alone Clinical Decision
Support Systems (CDSS) or Computerized Physician Or-
der Entry (CPOE). CPOE functionality was further de-
fined as without CDSS, embedded with limited CDSS
(dosing limits and allergy), or advanced CDSS (decision
support for weight-based dosing, renal dosing, or drug-
drug interactions).

Randomized and non-randomized studies were evaluated
for risk of bias using the Effective Practice and Organisation of
Care tool from the Cochrane Collaboration; grading each
category as “Low,” “Unclear,” or “High” Risk of Bias.?' The
quality of evidence for each outcome was assessed across
studies by design using the Grades of Recommendation As-
sessment, Development and Evaluation (GRADE), with ran-
domized controlled trials starting at high quality and non-
randomized prospective studies starting at low quality.”
GRADE Evidence Profile and Summary of Findings tables
were created with GRADEpro.?

We sought contact with authors if study eligibility was
unclear, or to complete and clarify missing data for included
studies (Fig. 1).
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Figure 1 PRISMA study flow diagram. CPOE, computerized physician order entry; CDSS, clinical decision support system. *Ten of 14 authors
contacted to confirm study eligibility. If author was not reached, and study eligibility remained unclear, study was excluded. "Two of 5 authors
contacted clarified data for quantitative analysis.

Data Management and Analysis

Studies were described by study design, by outcome, and by
study population. Cohens’ kappa was used to quantify review-
er agreement for study inclusion. Patient outcomes were sum-
marized using descriptive measures. Due to multiple

outcomes, effects were classified according to statistical sig-
nificance (p <0.05 or 95% confidence interval not including
1).

Medication errors were abstracted as number of medication
errors per number of drug prescriptions; however, if errors
were reported in proportions, they were converted to absolute
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numbers. Where conversion to absolute numbers was not
possible, the study was not included in meta-analysis. ADEs
or preventable ADEs were reported as the number of events
per total number of patients. Where rates were provided in
events per 1000 patient-days, the event rate pre- and post-
intervention was multiplied by the number of patient-days,
and divided by 1000. This was done when the number of
admissions and patient-days was known in both intervention
periods.24 In non-randomized studies, when two or more time
periods were evaluated after an intervention, the last interven-
tion period was compared with their control and included in
the quantitative analysis.

Forest plots were used to illustrate the findings of a quan-
titative analysis when 3 or more studies reported the same
outcome, and calculated the relative risk (RR) or mean differ-
ence (MD) with 95% confidence interval. A random effects
model was used for all meta-analyses, subtotalled by study
design where appropriate. Subtotals were not combined if
outcome definition differed, or if a study with 2 intervention
groups was included in a subgroup. Meta-regression by year
of publication was conducted when the number of studies was
sufficient. We used I* to measure heterogeneity across studies
and funnel plots with Egger tests to evaluate for publication
bias. Forest and funnel plots were created with Review Man-
ager™ which were then imported into GRADEpro. Egger tests
and meta-regression with bubble plots were performed in
RStudio.”®

RESULTS
Study Selection

The review yielded 2832 citations from which 172 full-text
articles were reviewed and 34 were included. Hand search of
bibliographic review led to a further 25 full-text reviews and
four additional included studies, resulting in 38 included stud-
ies (Fig. 1). The inter-rater agreement for inclusion of studies
from full-text article review was good, with Cohen’s kappa
0.67 initially and 0.93 after discussion between reviewers.

Description of Studies

The 38 included studies were from 12 countries; 33 studies
reported on 51,894 patients and five studies described only the
number of prescriptions, admissions, or patient-days. The
hospital settings included the intensive care unit, wards, emer-
gency department, and operating room (Table 1).

Design

Eleven (29%) randomized controlled trials were included, all
of which reported on patient outcomes and none on medica-
tion error (Table 1). The units of randomization were wards
(n= 1),35 providers (n = 1),33 and patients (n = 9).27*32’3’4’36’37
The 27 (71%) non-randomized interventional studies included

23 controlled before-after studies, two interrupted time se-
ries,”**? and two interventional cohorts.>'*>>

Methodological Quality Assessment

The randomized controlled trials (RCTs) included in the study
had low or unclear risk of bias (Supplement Table 2). Quality
assessment of the included non-randomized studies varied
from high to low risk of bias. Studies were heterogeneous
with regard to study quality and risk of bias for each outcome
(Supplement Table 3).

Interventions

The electronic prescribing strategies included 24 (63%) stand-
alone clinical decision support systems and 14 (37%) comput-
erized physician order entry systems, of which eight had
advanced decision support built within them,?*>"33-%763 three
had limited decision support,*®*>7 two had no decision sup-
port,**3% and one did not specify.*’

Of the stand-alone decision support systems, nine (38%)
evaluated single drug dosing adjustment for insulin (2=8)*%"
3436 and mycophenolate mofetil (n=17%; eight (33%) in-
volved surveillance/treatment of infection,** including pneu-
monia management,”® adherence to guidelines for antibiotic
therapy,”* empiric antibiotic choice,****** empiric antibiotics
for surgery,45 or antibiotic adjustment53 ; and seven (29%)
were for post-operative nausea and vomiting,*®® rehydration
for children,®” dose adjustment for renally cleared drugs,*
drug-drug interactions,*' pain control,** and medication
reconciliation.*’

The advanced decision support systems within the comput-
erized order entry included tools for detecting drug-drug in-
teractions,”' >’ pediatric weight-based dosing,*°*"** and spe-
cialized chemotherapy ordering.>> Given that the majority of
computerized order entry systems had a decision support
system of some form built within them, they were regarded
as a single category for analyses.

Outcomes Evaluated

Thirteen (34%) studies reported on medication error (0 RCTs),
29 (76%) reported on a patient harm outcome (11 RCTs), and
3 (8%) reported both (0 RCTs). 244" Table 2 summarizes the
studies showing improvement in the outcomes (medication
error and patient harm outcomes) according to the electronic
intervention type.

Medication Errors

The definitions of medication error in the studies included
incomplete prescriptions, prescription correction, dose fre-
quency error, error due to drug-drug interactions, transcription
error, and errors in dispensing, administration, and monitoring
(Fig. 2a). Ten of 13 (77%) studies demonstrated a reduction in
overall medication error rate (0 RCTs). Two (67%) of the 3
studies not showing a difference in medication error rates were
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a CPOE/CDSS Handwritten Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Holdsworth 2007 49 1211 63 1195 9.8% 0.77[0.53, 1.11] 2007 T
Taylor 2008 31 268 50 253 9.7% 0.59[0.39, 0.89] 2008 —_—
Walsh 2008 94 6895 62 5777 9.9% 1.27[0.92, 1.75] 2008 T
Van Doormaal 2009 1355 7058 5724 7286 10.1% 0.24 [0.23, 0.26] 2009 .
Roberts 2010 17 113 66 158 9.6% 0.36 [0.22, 0.58] 2010 —_—
Warrick 2011 17 208 14 159 9.1% 0.93[0.47, 1.83] 2011 —
Zoni 2012 20 1027 31 882 9.4% 0.55[0.32,0.97] 2012 —
Ali 2013 0 5175 745 4463 3.6% 0.00 [0.00, 0.01] 2013 ¢
Davis 2014 51 17481 165 7286 9.9% 0.13 [0.09, 0.18] 2014 —
Armada 2014 16 2094 819 1829 9.6% 0.02 [0.01, 0.03] 2014 ——
Aziz 2015 10 3765 134 5514 9.2% 0.11 [0.06, 0.21] 2015 —_—
Total (95% CI) 45295 34802 100.0% 0.24 [0.13, 0.46] P
Total events 1660 7873
ity 2 _ . i2 — L2 = ! 1 } Il
Heterogeneity: Tau® = 1.09; Chi* = 403.55, df = 10 (P < 0.00001); I* = 98% o1 o1 10 100

Test for overall effect: Z = 4.27 (P < 0.0001)

Favodrs CPOE/CDSS Favours no CPOE/CDSS

b CPOE/CDSS Handwritten Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Holdsworth 2007 49 1211 63 1195 13.5% 0.77[0.53, 1.11] 2007 -
Taylor 2008 8 268 11 253 11.8% 0.69 [0.28, 1.68] 2008 I
Van Doormaal 2009 658 7058 1658 7286 13.9% 0.41[0.38, 0.45] 2009 -
Roberts 2010 17 113 66 158 13.2% 0.36 [0.22, 0.58] 2010 —
Ali 2013 0 5175 229 4463 5.1% 0.00 [0.00, 0.03] 2013 ——
Davis 2014 34 17481 60 7286 13.4% 0.24 [0.16, 0.36] 2014 —
Armada 2014 24 1806 631 1839 13.4% 0.04 [0.03, 0.06] 2014 —
Garner 2015 0 146 16 153 5.1% 0.03 [0.00, 0.52] 2015 ¢
Aziz 2015 3 3765 65 5514 10.7% 0.07 [0.02, 0.21] 2015 I —
Total (95% CI) 37023 28147 100.0% 0.17 [0.08, 0.38] -
Total events 793 2799
. 2 _ . 2 _ 12 I L L y
Heterogeneity: Tau? = 1.18; Chi® = 220.88, df = 8 (P < 0.00001); I* = 96% o1 o 0 100

Test for overall effect: Z = 4.34 (P < 0.0001)

Favomjrs CPOE/CDSS Favours no CPOE/CDSS

Figure 2 Quantitative analysis using forest plot for the effect of electronic prescribing strategies on risk of a overall medication errors and b
dosing errors. a Overall medication errors. b Medication dosing errors. RCT, randomized controlled trial; NRIS, non-randomized
interventional study; M-H, Mantel-Haenszel random effects model. Counts are expressed as events (errors) per total number of prescriptions,
except Terrell which is events (errors) per total number of renal dosing alerts. Studies are ordered by calendar year. a Medication error
definitions: prescription incomplete (Ali); unintended discrepancies (Zoni); any error in drug ordering, transcribing, dispensing, administration
or monitoring (Aziz, Walsh, Van Doormal); proportion of variance between ordered and administered meds (Taylor); any error including drug
name, pharmacologic form, dosing, allergy, or interaction (Armada); any pharmacy intervention for wrong dose, drug, patient, drug
interaction, allergy, missing medication, or wrong dosage form (Davis); incomplete, insufficient information, illegible, error of prescribing
decision or other (Warrick); dosing error (Holdsworth); dosing within 30% above or below appropriate drug dose from gentamycin,
vancomycin, and enoxaparin (Roberts). Garner et al. (NRIS) not included in meta-analysis as number of errors exceeded number of
prescriptions (1.1 errors/prescription in control phase). Han et al. (NRIS) not included as medication errors expressed as number of errors per
1000 patient-days. Definition unspecified. b Dosing error definitions: incomplete or wrong dose (Ali); >10% over- or underdosing for age and
weight (Garner, Taylor); gentamycin/enoxaparin/vancomycin dosing conformity with 30% of dose (Roberts); error in dosage of dosing figures
(Armada); error in strength, frequency, dosage (Aziz, Davis), or length (Van Doormal).

3436 treatment failure (n=1),%’ hospitalization and read-

mission (n=1),*’ time to therapy (n= 2),4447 adequate
therapy (n=1),>® pain control (n=2),*>*® post-operative
nausea and vomiting (n= 2),%85% and new infection
n=1.%

Four studies reported adverse drug events (ADEs) or pre-
ventable ADEs (0 RCT) (Fig. 3a). Three of these studies
(75%) screened patients for ADEs through pharmacist/
physician review***'** and 1 (25%) screened with incident
reporting.** Electronic prescribing strategies were associated
with reduced ADE (RR 0.52 (95% CI 0.40, 0.68), I 0%, n =
2), but not preventable ADE (RR 0.55 (95% CI 0.30, 1.01), P
78%, n = 3), versus no electronic strategy. For ADE, the funnel
plot did not show significant asymmetry but Egger’s test was
significant (p =0.046) (Supplement Figure 1C). GRADE
quality of evidence was rated as very low.

Nine studies reported mortality (3 RCTs) (Fig. 3b): 7 (78%)
evaluated CDSS alone (3 RCTs) and 2 (22%) evaluated CPOE
with advanced CDSS (0 RCTs). Overall, there was no effect of
computerized prescribing strategies on mortality (RR 0.97
(95% C10.79, 1.19), P 74%, n =9). We rated GRADE quality
of evidence overall as low; in the RCTs, quality was rated as
high, whereas in the non-randomized studies, we rated
GRADE as low with high heterogeneity (Fig. 3b). The funnel
plot was symmetrical (Supplement Figure 1D) and Egger’s
test was not significant.

Length of stay was reported in 7 studies (1 RCT) (Fig. 3c).
The forest plot of mean difference (MD) in hospital length of
stay (in days) showed reduced length of stay in the one RCT
(MD —6.40 (95% CI — 13.20, 0.40)), and no significant effect
in non-randomized studies (MD 0.0 (95% CI —1.25, 1.24), &
95%, n=6) or overall (MD —0.18 (95% CI — 1.42, 1.05), I’
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a CPOE/CDSS  Handwritten Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI Year

Risk Ratio
M-H, Random, 95% CI

4.3.1 Adverse Drug Events (NRIS)
Holdsworth 2007 37 1210 76 1197  46.0% 0.48[0.33, 0.71] 2007 —
Bertsche 2010 32 129 60 136 54.0% 0.56 [0.39, 0.80] 2010 -
Subtotal (95% CI) 1339 1333 100.0% 0.52 [0.40, 0.68] E 3
Total events 69 136
Heterogeneity: Tau? = 0.00; Chi* = 0.35, df = 1 (P = 0.56); I* = 0%
Test for overall effect: Z = 4.86 (P < 0.00001)
4.3.2 Preventable Adverse Drug Events (NRIS)
Holdsworth 2007 26 1210 76 1197  36.0% 0.34[0.22, 0.52] 2007 -
Walsh 2008 12275 11 352 25.0% 1.40[0.63, 3.12] 2008 B
Van Doormaal 2009 44 603 92 592 38.9% 0.47[0.33, 0.66] 2009 i
Subtotal (95% CI) 2088 2141 100.0% 0.55 [0.30, 1.01] -
Total events 82 179
Heterogeneity: Tau? = 0.22; Chi? = 9.23, df = 2 (P = 0.010); I* = 78%
Test for overall effect: Z = 1.93 (P = 0.05)
0.01 0.1 10 100
. a2 2 Favours CPOE/CDSS Favours no CPOE/CDSS
Test for subgroup differences: Chi® = 0.02, df = 1 (P = 0.89), I* = 0%

b CPOE/CDSS Handwritten Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% Cl _Year M-H, Random, 95% CI
4.4.1 Mortality (RCT)

LeMeur 2007 1 65 1 65 0.5% 1.00 [0.06, 15.65] 2007

Newton 2010 20 77 17 76 7.9% 1.16 [0.66, 2.04] 2010 T
Leibovici 2013 224 860 239 823 17.3% 0.90[0.77, 1.05] 2013 -
Subtotal (95% CI) 1002 964  25.8% 0.91 [0.79, 1.06] 4
Total events 245 257

Heterogeneity: Tau? = 0.00; Chi? = 0.75, df = 2 (P = 0.69); I = 0%

Test for overall effect: Z = 1.18 (P = 0.24)

4.4.2 Mortality (NRIS)

Bertsche 2010 35 129 27 136  10.3% 1.37[0.88, 2.12] 2010 T
Nachtigall 2014 32 384 34 328 9.8% 0.80[0.51, 1.27] 2014 T
Micek 2014 266 900 624 2716 18.0% 1.29[1.14, 1.45] 2014 -
Haddad 2015 43 97 36 91 12.7% 1.12 [0.80, 1.57] 2015 T
Dean 2015 75 1432 79 1018 13.5% 0.67[0.50, 0.92] 2015 —_

Han 2016 26 269 43 281 9.9% 0.63 [0.40, 1.00] 2016 —
Subtotal (95% CI) 3211 4570 74.2% 0.95 [0.72, 1.27] &
Total events 477 843

Heterogeneity: Tau® = 0.09; Chi® = 24.66, df = 5 (P = 0.0002); I = 80%

Test for overall effect: Z = 0.32 (P = 0.75)

Total (95% CI) 4213 5534 100.0% 0.97 [0.79, 1.19] L 3
Total events 722 1100

Heterogeneity: Tau® = 0.06; Chi* = 30.52, df = 8 (P = 0.0002); I’ = 74% o1 o1 To 100
Test for overall effect: Z = 0.34 (P = 0.74) Favours CPOE/CDSS. Favours no CPOE/CDSS
Test for subgroup differences: Chi* = 0.07, df = 1 (P = 0.79), I* = 0%

[+ CDSS/CPOE no CDSS/CPOE Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% Cl _Year 1V, Random, 95% CI
1.6.1 Length of Stay (RCTs)

Newton 2010 175 15 77 23.9 263 76  2.8% -6.40(-13.20,0.40] 2010 —_—
Subtotal (95% CI) 77 76 2.8% -6.40 [-13.20, 0.40] ———
Heterogeneity: Not applicable

Test for overall effect: Z = 1.85 (P = 0.06)

1.6.2 Length of Stay (NRIS)

Van Doormaal 2009 12.1 11.6 603 14.6 12.5 592 16.1% -2.50 [-3.87,-1.13] 2009 -
Nachtigall 2014 9.9 21 384 92 107 328 17.0%  0.70[-0.48, 1.88] 2014 -
Micek 2014 186 184 900 14.8 14.2 2716 16.3% 2014 -
Dean 2015 41 39 865 43 41 623 19.6% 2015

Haddad 2015 13 11 97 13 12 91  82% 2015 —_
Han 2016 78 11 247 93 11 281 20.0% 2016 .
Subtotal (95% CI) 3096 4631 97.2% L 4
Heterogeneity: Tau? = 1.95; Chi? = 101.60, df = 5 (P < 0.00001); I* = 95%

Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% Cl) 3173 4707 100.0% -0.18 [-1.42, 1.05] <
Heterogeneity: Tau? = 1.97; Chi? = 103.87, df = 6 (P < 0.00001); I = 94% 50

-10 10 20
Test for overall effect: Z = 0.29 (P .77) Favours CDSS/CPOE Favours no CDSS/CPOE

Test for subgroup differences: Chi® = 3.29, df = 1 (P = 0.07), I = 69.6%

d CDSS/CPOE Control

Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl _Year

Risk Ratio
M-H, Random, 95% CI

1.4.1 Mild Hypoglycemia <60 mg/dL

Saager 2008 120 4 20  5.4% 0.25[0.03, 2.05] 2008 —
Cordingley 2009 2 16 318 83% 0.75[0.14, 3.94] 2009 —_—
Newton 2010 33 77 23 76 53.3% 1.42[0.92,2.17] 2010 -
Wexler 2010 12 65 14 63 33.0% 0.83 [0.42, 1.65] 2010 —a—
Subtotal (95% CI) 178 177 100.0% 1.03 [0.62, 1.70] -
Total events 48 44

Heterogeneity: Tau* = 0.08; Chi* = 4.15, df = 3 (P = 0.25); I* = 28%
Test for overall effect: Z = 0.10 (P = 0.92)

1.4.2 Severe hypoglycemia <40 mg/dL

Pachler 2008 1 25 0 25 9.5% 3.00[0.13, 70.30] 2008

Blaha 2009 0 40 1 40 9.4% 0.33[0.01, 7.95] 2009

Cordingley 2009 0 16 0 18 Not estimable 2009

Wexler 2010 0 65 1 63 9.3% 0.32[0.01,7.79] 2010

Newton 2010 3 77 4 76 44.1% 0.74[0.17, 3.20] 2010 —
Mann 2017 2 18 2 18 27.7% 1.00 [0.16, 6.35] 2017 — %
Subtotal (95% CI) 241 240 100.0% 0.79 [0.30, 2.09] ~
Total events 6

8
Heterogeneity: Tau? = 0.00; Chi? = 1.35, df = 4 (P = 0.85); I> = 0%
Test for overall effect: Z = 0.48 (P = 0.63)

0.01 100

0.1 10
Favours CDSS/CPOE Favours Control

Figure 3 Meta-analysis using forest plot for effect of electronic prescribing strategies on a adverse drug events (ADE), b mortality, ¢ length of
hospital stay, and d hypoglycemic events. a Adverse drug events (ADE) and preventable ADE. b Mortality. ¢ Length of stay (in days). d
Hypoglycemic events (all RCTs). RCT, randomized controlled trial; NRIS, non-randomized interventional trial; M-H, Mantel-Haenszel random
effects model. a Counts are expressed as events (ADE) per total number of patients. Subtotals not pooled due to duplication of studies in each
subgroup. b Counts are presented as deaths per number of patients in each group. Mortality is presented as follows: 30-day mortality (Dean),
180-day mortality (Leibocivi), ICU mortality (Haddad), hospital mortality (Micek, Haddad, Newton, Han), overall mortality (Bertsche,
Nachtigall at 2 time points), and 12-month mortality (LeMeur). ¢ Counts are mean (SD) length of stay in days in each group, analyzed with
mean difference in each group. Studies reported the following: hospital length of stay (Van Doormal, Haddad, Newton, Micek, Dean, Han) and
ICU length of stay (Nachtigall). Dean results unadjusted and originally reported as median (95%CI) due to skewness. d Counts are patients
with hypoglycemic events in each group. All studies of hypoglycemic events are RCTs. Subtotals are not pooled due to study duplication in
reporting mild and severe hypoglycemic events. Dumont et al. not included in meta-analysis of hypoglycemic events as data were presented in
hypoglycemic events per total glycemic measurements.
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94%, n=17). We rated GRADE quality of evidence as low
overall. The funnel plot did not show asymmetry (Supplement
Figure 1E) and Egger’s test was not significant.

Eight RCTs evaluated the effect of CDSS for glycemic
control (Fig. 3d). Meta-analysis did not demonstrate an effect
of automated CDSS on the incidence of mild hypoglycemic
episodes (< 60 mg/dL) (RR 1.03 (95% CI0.62—1.70), I* 28%,
n=4), or severe hypoglycemic episodes (<40 mg/dL) (RR
0.79 (95% CI 0.30-2.09), P 0%, n=6). One study was not
included in meta-analysis due to a difference in units.>* We
rated GRADE quality of evidence for hypoglycemia as mod-
erate. The funnel plot did not show asymmetry (Supplement
Figure 1F) and Egger’s test was not significant for
hypoglycemia.

Amongst other outcomes assessed, two studies demonstrat-
ed improvement in post-operative nausea and vomiting with
electronic prescribing strategies,*®® one study in time to pain
control,*® and one in frequency of pain assessment and nalox-
one administration,’® compared with no electronic strategy.

Harm Related to Intervention

Two studies reported an increase in medication errors after
electronic intervention.”*** Walsh et al. conducted a time
series analysis after CPOE implementation in children and
found a decrease in serious non-intercepted medication errors
immediately after implementation, followed by a non-
significant increase in the following season.”* Han et al. found
a significant increase in overall medication errors after imple-
mentation of an electronic health record with CPOE (p=
0.002) in an adult intensive care unit, which was attributed
to errors in delayed drug administrations.>”

DISCUSSION

This systematic review and meta-analysis of 38 prospective
interventional studies, published since 2007, found that elec-
tronic prescribing strategies reduced medication errors, dosing
errors, and adverse drug events, compared with no electronic
strategy. However, evidence was very low-quality and studies
had high risk of bias. Preventable adverse drug events were
also reduced by electronic prescribing, although this did not
achieve statistical significance. Other patient outcomes includ-
ing length of stay, mortality, and hypoglycemia were not
significantly altered by electronic prescribing. Studies were
very heterogeneous; varying in size, settings, interventions,
outcomes evaluated, and methodological quality.

This review complements findings of earlier systematic
reviews of computerized prescribing strategies versus control
that showed improved care processes,™” adherence to guide-
lines,** and time to target physiology,” without measurable
differences in patient outcomes. More recent systematic re-
views have suggested that there may be some effect on patient
outcomes, although these are inconsistent.'* Nuckols et al.
evaluated the effect of CPOE systems and CDSS on errors

and adverse drug events in studies published before 2013, and
found they reduced preventable adverse drug events, regard-
less of CDSS sophistication.'® A Cochrane Review was up-
dated to 2011 and concluded that computerized advice led to
better target physiology of specific medications, decreased
thromboembolic events in outpatients, tended to reduce length
of hospital stay, but did not change mortality.” The heteroge-
neity of interventions and outcomes, and predominance of
low/very low quality of evidence in our review, are concordant
with previous systematic reviews, as was the lack of effect on
length of stay or mortality.

In addition to the above, new findings from our meta-
analysis support an optimistic view of the potential of com-
puterized systems. We reviewed studies from the last decade
with the assumption that advancing prescribing technology
may have translated into improvements in patient-related out-
comes that were not found in earlier systematic reviews. This
assumption was supported by the finding that more recent
computerized prescribing strategies have a greater impact on
medication and dosing error reduction. In addition, the newer
prescribing strategies included in this review had a significant
impact on adverse drug events, and possible impact on pre-
ventable adverse drug events, suggesting their translation to
better clinical outcomes.

The mechanism by which contemporary electronic pre-
scribing strategies reduce medication errors, and adverse drug
events is not fully understood. The factors that might contrib-
ute to increased error reduction include the following: im-
provements in ordering and decision support technology, im-
proved electronic health data to which the clinical decision
support rules are applied, more sophisticated implementation
and widespread adoption of these technologies, or a combina-
tion of all these. The reduction in medication and dosing error
appears to be related to improved dosing for renal impairment,
prescription completeness, and drug-drug interactions. Irre-
spective of the mechanism of error reduction—now shown
in individual studies and meta-analyses spanning several de-
cades, the increased magnitude of error reduction with newer
technologies may now be transferred to harm reduction. Fur-
ther understanding about the contributions of these potential
mechanisms of effect may help inform the development of
future systems.

There are several limitations to this study. First, the com-
puterized interventions that aid in medical prescribing remain
heterogeneous, from order entry without decision support to
order entry with advanced decision support. These electronic
systems varied greatly in their prescribing function, clinical
use, technological development, and target population. This
heterogeneity contributes to caution in the interpretation of
results. Other systematic reviews on electronic prescribing
have also highlighted this heterogeneity, some presenting only
quantitative findings without meta-analysis,®'*'*!> while
others have combined these heterogeneous interventions to
study their effect.”'° Second, reported outcomes were diverse,
ranging from prescribing errors to patient symptoms, to
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adverse events, ventilation days, length of stay, and mortality.
While electronic strategies may improve physiologic variables
and symptomatology, effects on overall outcomes of hospital-
ization, length of stay, and death have not yet been clearly
demonstrated. In addition to the limited quantity of studies per
outcome, healthcare organizations and hospitals implement,
modify, and study these prescribing strategies differently, con-
tributing to further heterogeneity. Third, the modest number of
studies, over a wide variety of hospital patients and settings,
limited our ability to conduct further subgroup analysis and
sensitivity analysis (with removal of very low-quality studies
for example). Finally, the interpretation of findings should be
tempered by the limited number of randomized trials in the
modern era, of which only 1 (9%) showed clinical benefit
from electronic prescribing strategies, and none evaluated
medication errors.

An informal review identified a small number of ongoing
RCTs evaluating the effects of electronic prescribing on pre-
scribing errors and harm outcomes, such as medication-related
falls (Clinicaltrials.gov: NCT03484793, NCT00297609,
NCTO00818285). Further large randomized trials are needed
to increase the quality of the evidence supporting this multi-
billion-dollar endeavor healthcare expense.

CONCLUSION

This systematic review of prospective studies found very low-
quality evidence that current era electronic prescribing strate-
gies reduced medication errors and adverse drug events in
patients, compared with no strategy, in hospitals. The available
evidence was heterogeneous, largely non-randomized studies,
and provides early data to justify implementation and further
evaluation of computerized strategies with higher quality
evidence.
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